There was a high percentage of macrolide resistance in Mycoplasma pneumoniae clinical isolates in China. The genetic relatedness of macrolide-resistant M. pneunomiae strains was investigated using the multilocus variable-number tandem-repeat assay (MLVA). Among 152 M. pneunomiae isolates, the 137 macrolide-resistant strains were clustered into 15 MLVA types, indicating that the high macrolide resistance rate in M. pneumoniae is a result of the dissemination of the multiple resistant clones.
a The MLVA types of two reference strains were not included in this fine an isolate as resistant (2) . A total of 137 macrolide-resistant isolates (90.1%) were identified from our collection. PCR-RFLP analysis. P1 gene PCR-RFLP typing of all 152 clinical strains of M. pneumoniae was performed as previously described (7). M. pneumoniae clinical isolates could only be classified into two types by the PCR-RFLP typing method. Of 152 clinical strains, 138 strains belonged to type I, 12 were type II, and 2 could not be identified.
VNTR locus selection and analysis. A total of 5 variable-number tandem-repeat (VNTR) loci with core sequences of Ͼ9 bp were selected according to the website (http://minisatellites.u -psud.fr/ASPSamp/base_ms/bact.php; see Table S1 in the supplemental material), and the corresponding PCR primers that were the same as those previously described were used for MLVA typing (4) . PCRs were carried out in a 50-l volume containing 25 l of 2ϫ GC PCR buffer (TaKaRa Biotechnology, Dalian, China), 200 M each of the four deoxynucleoside triphosphates (dNTPs), 10 M each primer set, 0.5 U TaKaRa La Taq polymerase (TaKaRa Biotechnology, Dalian, China), 5 l of template DNA, and 9.5 l of water. The PCR conditions were as follows: initial denaturation at 95°C for 10 min and then 40 cycles of 95°C for 1 min, 53°C for 1 min, and 72°C for 1 min, followed by a final polymerase extension step at 72°C for 10 min. All PCR products were sequenced, and copy numbers were calculated according to the number of repeats for each locus. Two reference strains of M. pneumoniae, M129 (ATCC 29342) and FH (ATCC 15531), were also included as the positive control for the MLVA.
All data were input into BioNumerics version 6.5 software (Applied Maths, Belgium), and then cluster analysis and minimal spanning tree (MST) analysis were performed. The 152 M. pneumoniae clinical isolates were divided into 17 MLVA types (Table  1) . Of these 152 isolates, 137 macrolide-resistant strains formed 15 MLVA types. There were 8 most common MLVA types in the resistant isolates, each containing more than 10 resistant strains and accounting for 84% of the total 137 isolates (Table 1) . There was no evidence of resistant clonal outbreaks according to diver- sified MLVA patterns during the 5-year study period. The diversified pattern was also observed in isolates collected in the same time period: e.g., 11 resistant isolates from September 2008, 15 resistant strains from April 2009, and 21 resistant strains from May 2009 were clustered into 7, 8, and 9 MLVA types, respectively. MST population modeling also indicated the diversity among the tested isolates, and no dominant MLVA type could be determined (Fig. 1) .
Diversity of M. pneumoniae strains. The Hunter-Gaston index (HGI) of the MLVA typing method was calculated. The formula was as follows:
where N refers to the total number of experimental strains and nj is the number of strains belonging. Diversity indices of the 5 loci were between 0.000 and 0.812 (see Table S2 in the supplemental material). Locus VNTR1 had a higher HGI than other loci. The numbers of alleles of each of the 5 loci ranged between 1 and 7. Locus VNTR1 had the largest number of alleles (n ϭ 7). MST modeling and cluster analysis showed the diversity among the tested isolates, and no dominant MLVA type could not be determined (Fig. 1) .
Our earlier studies indicated that more than 90% of M. pneumoniae strains isolated in Shanghai, China, were resistant to macrolides (7, 8) . It is known that most of the macrolide-resistant M. pneumoniae strains are caused by point mutations in 23S rRNA (1, 7, 8, 15) . This study used MLVA as an individual identification method to type a large number of macrolide-resistant M. pneunomiae isolates to determine the origin of the resistant isolates, whether from a single colony or from multiple clones. In recent years, typing schemes based on MLVA have been designed and implemented for a number of microorganisms of public health importance (9, 10, 11, 12) . Degrange et al. first applied this MLVA method in typing M. pneumoniae isolates and were able to group 265 strains (12 strains were macrolide resistant) into 26 MLVA types (4) . The discrimination potential of MLVA was shown to be much higher than the typing approach based on the differences in the P1-encoding gene. However, MLVA analysis of the limited isolates from France and Japan did not reveal any link between a particular MLVA type and macrolide resistance (4) . The present study represents the largest MLVA typing worldwide of the macrolide-resistant isolates so far. The 137 macrolide-resistant isolates were clustered into 15 MLVA types, and none of them could be determined as dominant, indicating both the absence of a particular emerging macrolide-resistant clone and that the high rate of macrolide resistance in China resulted from the dissemination of multiple resistant clones, instead of the spreading of a single colony.
